
Inequalities in health continue to be a major
problem in the world. Health differences exist
between sexes, between social groups within
countries, and between countries. The patterns
of these health differences change as living con-
ditions evolve (Hertzman and Siddiqi 2000;
Marmot and Bobak 2000; Marmot and Feeney
1997; Tomatis 2001), as demonstrated by the
sharp decline in life expectancy—as well as the
widening gap of life expectancy between
sexes—in Eastern Europe during the recent
political transition (Marmot and Bobak 2000;
Nolte et al. 2000a, 2000b). Thus, observing
inequalities in health allows us to better under-
stand how changes in society translate into
changes in health. For their universal relevance,
the health inequalities between sexes are of par-
ticular importance. In previous reports, my lab-
oratory has shown that the sex differences in
tumor incidence between European countries
can be related to the female social condition:
the greater the social equality between males
and females, the lower the difference in cancer
incidence between the sexes. The female condi-
tion was measured by a quantitative sociologic
index. However, the study of regional varia-
tions in Italy has indicated that this process fol-
lows different pathways in different countries,
thus requiring explanations rooted in socioeco-
nomic and historical contexts (Benigni et al.
2000, 2001). In this article, I have extended the
study of sex differences in cancer incidence
worldwide to all cancer registries; a larger per-
spective is also gained by considering the sex
differences in life expectancy at birth.

Data and Analysis

Data. The global cancer incidence (age stan-
dardized rate per 10,000 inhabitants) for
males and females was retrieved from the
compilation of cancer registries of the
International Agency for Research on Cancer
(Parkin et al. 1997). The life expectancy at
birth was retrieved from the Encyclopedia
Britannica (2000). 

The sex differences were expressed as nor-
malized indices:

For both indices, positive values indicate male
disadvantage, whereas negative values indicate
female disadvantage.

Strategy of the analysis. This study consists
of three separate analyses. In the first analysis, I
considered the distributions of the ∆N values,
relative to 183 cancer registries from 50 coun-
tries. The subject of the second analysis was
the distribution of the ∆LIFE values in 139
countries; in this case, one ∆LIFE value corre-
sponded to one country. The reasons for keep-
ing the first and second analyses separate was
that the data available were classified differ-
ently (regions and countries, respectively).
Therefore, separate analyses were more ade-
quate for using all of the available information.

The third analysis compared the distribu-
tions of ∆LIFE, ∆N, cancer incidence (male
and female separately), and life expectancy
(male and female separately). This analysis
was performed at the level of the least detailed
variable, that is, at the country level. The ∆N
and the cancer incidence values were averaged
by country. The countries (statistical units)
considered in this third analysis were those
with values in all six variables (n = 50).

Table 1 shows the ∆LIFE values and the
∆N values averaged by country. The ∆N val-
ues for the cancer registries are available from
the author on request.

Results and Discussion

Sex difference in cancer incidence. An inspec-
tion of the ∆N values (standardized sex differ-
ence in cancer incidence) points to the
complexity of interpreting the modulating
factors. For example, cancer registries from

three extremely different countries, such as
Brazil, Uganda, and Sweden, are in a very
narrow interval of ∆N (Goiania, Brazil,
0.071; Kyadondo, Uganda, 0.073; Sweden,
0.074). The differences in society, culture,
and economic development make it difficult
to find a common explanation. However,
underlying regularities start to emerge when
the data are grouped into geographical areas
(Figure 1). An analysis of variance confirmed
the effect of the geographical distribution on
∆N (F = 17.30; p < 0.0001).

Previous work from my laboratory
(Benigni et al. 2000, 2001) has shown that
the distribution of tumor profiles in Europe
closely follows the cultural (historical) geog-
raphy of the continent and that the sex dif-
ferences in cancer incidence parallel a
socioeconomic indicator of the female con-
dition. The starting hypothesis of this work
is that cultural/socioeconomic factors influ-
ence the ∆N distribution worldwide. The
geographic repartition selected for the cancer
registries (Figure 1) that I had subjectively
decided upon follows the general lines of the
cultural/socioeconomic repartition accepted
by modern historical research. Such histori-
ans as Fernand Braudel have expanded on
the existence of clearly recognizable “civiliza-
tions”; these are able to maintain their speci-
ficity in fields ranging from everyday life to
art and culture over extremely long periods
of time (Braudel 1972, 1981, 1995). Within
this perspective, the geographic classification
selected in this work is a proxy for a cul-
tural/socioeconomic classification of the 
cancer registries’ areas.

The numerosity and representativity of
the available cancer registries also put con-
straints on the geographical classification.
Using all of this information, I based the clas-
sification on seven areas. South Asia and East
Asia are clearly characterized (Figure 2). Latin
America includes Costa Rica, Puerto Rico,
and South America. Pacific registries are avail-
able only from Australia, New Zealand, and
Philippines. African and Middle Eastern reg-
istries were collected together only because of
the paucity of the data points. European and
North American countries could have been col-
lected under the same heading; however, they
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My laboratory has previously shown that the sex differences in tumor incidence in Europe can be
related to the female social condition and that the pattern of this relationship varies according to the
different historical contexts. In this article, I have extended the study worldwide to all cancer registries,
and I present the sex differences in life expectancy at birth. A close link between the health of the pop-
ulations and socioeconomic and cultural factors was confirmed. The sex-related indicators had a distri-
bution independent from the parent variables cancer incidence and life expectancy; thus, they carry
complementary information and provide an additional, sensitive probe for monitoring the health of
the populations. Key words: cancer, cultural factors, epidemiology, health inequality, indicator, life
expectancy, sex, social conditions, socioeconomic factors. Environ Health Perspect 111:421–425
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